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Experimental 

Crystal data 

[Cu(Ci 3 H 7 BrCl 2 NO) 2 ] 
M, = 751.55 
Monoclinic, P2Jc 
a = 11.064 (3) A 
b = 9.437 (2) A 
c = 13.277 (4) A 
/3 = 108.997 (3)° 

Data collection 

Rigaku AFC10/Saturn724+ 
diffractometer 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2008) 
T mi „ = 0.242, r m „ = 0.265 



Refinement 

R[F 2 > 2a(F 2 )] = 0.028 

wR(F 2 ) = 0.065 

S = 1.00 

3491 reflections 



V = 1310.8 (6) A 3 
Z = 2 

Mo Ka radiation 
/x = 4.32 mm~' 
T = 153 K 

0.46 x 0.42 x 0.42 mm 



10994 measured reflections 
3491 independent reflections 
2777 reflections with / > 2cr(/) 
R iM = 0.033 



169 parameters 

H-atom parameters constrained 
Aft,„ = 0.53 e A~ 3 
Apmh>= -0.49 e A~ 3 



In the title compound, [Cu(C 13 H 7 BrCl 2 NO)2], or CuL 2 {where 
HL= 2-[(£)-(2-chlorophenylimino)methyl]-6-bromo-4-chloro- 
phenol}, the Cu 11 atom is located on an inversion center and 
has a square-planar coordination. In the crystal, complex 
molecules are linked via Cu- ■ -CI interactions [2.9933 (11) A], 
forming a two-dimensional network parallel to the be plane. 
They are also CI- ■ -CI interactions [3.3709 (14) A] present, 
which consolidate the two-dimensional network structure. 

Related literature 

For applications and properties of bidentate Schiff base 
ligands and their metal complexes, see: Akine et al. (2002); 
Schuetz et al. (2004); Singh et al. (1997); Qi et al. (2007). 



CI 




Data collection: CrystalClear (Rigaku, 2008); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

This work was supported by Xianyang Normal University in 
Shaanxi Province of the People's Republic of China. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2417). 
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Bis{6-bromo-4-chloro-2-[(f)-(2-chlorophenyl)iminomethyl]phenolato- 
*: 2 N,0}copper(ll) 

Zhang Ping 

Comment 

Bidentate Schiff base ligands of various types and their metal complexes have proved to be of significant interest in the 
areas of photoluminescence (Akine et ah, 2002), catalysis (Schuetz et ah, 2004), magnetism (Singh et ah, 1997) and 
molecular architectures (Qi et ah, 2007). The title complex was obtained from the reaction of 3-bromo-5-chlorosalicyl- 
aldehyde, 4-chlorobenzenamine and CuCl 2 .2H 2 0. We report herein on the synthesis and crystal structure of the title 
compound. 

The molecular structure of the title complex, CuL 2 , is shown in Fig. 1 . The central Cu 11 atom lies on an inversion center 
and has a square-planar coordination geometry, through the formation of two Cu — N and two Cu — O bonds with two 
bidentate 2-{{E)-(2- chlorophenylimino)methyl)-6-bromo-4-chlorophenol (HL) ligands. The dihedral angle between the 
phenyl ring (CI — C6) and the chelate ring (01/Cul/Nl/C7/C6/Cl) is only 6.2() °. The two benzene rings in each ligand 
are inclined to one another by 65.97 (10)°. Bond angles also show that the coordination geometry about the copper atom 
is a slightly distorted square planar structure, with 01 — Cul — Nl, OlA — Cul — 01 and 01 — Cul — Nl A angles of 91.24 
(7) °, 180 ° and 88.76 (7) °, respectively [symmetry code: (A) = -x+1, -y+1, -z+1]. The Cul— 01 and Cul— Nl bond 
lengths are 1.9076 (16) and 2.005 (2) A, respectively. 

In the crystal, molecules are linked via Cul— CI' interactions with a distance of 2.9933 (11) A [symmetry code: (i) x, - 
y+0.5, z-0.5] which results in the formation of a two-dimensional network parallel to the be plane (Fig. 2). There are also 
C11—C12" interactions present involving adjacent molecules [symmetry code: (ii) x+1, y, z+1] with distance 3.3709 (14) 
A, which consolidate the two-dimensional network structure. 

Experimental 

To an methanol solution (10 ml) containing 4-chlorobenzenamine (0.2 mmol, 25.4 mg) and 3-bromo-5-chlorosalicyl- 
aldehyde (0.2 mmol, 47.2 mg) was added CuCl2.2H 2 0 (0.1 mmol, 17.1 mg) in methanol (10 ml). The mixture was stirred 
for 30 min and then filtered. The filtrate was left to stand undisturbed at room temperature. Dark-green prism-like 
crystals of the title complex was obtained by slow evaporation of the methanol solvent. 

Refinement 

The C bound H atoms were included in calculated positions and treated as riding atoms: C — H = 0.93 A with £4o(H) = 

l-2[/eq(C). 

Computing details 

Data collection: CrystalClear (Rigaku, 2008); cell refinement: CrystalClear (Rigaku, 2008); data reduction: CrystalClear 
(Rigaku, 2008); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
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SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 




Figure 1 

The molecular structure of the title compound, showing the numbering scheme. The displacement ellipsoids are drawn at 
the 30% probability level (symmetry code: (A) = -x + 1, -y + 1, -z + 1). 




Figure 2 

A view along the a axis of the crystal packing of the title compound. The Cu — CI interactions leading to the formation of 
the two-dimensional network are shown as dashed lines. 
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Bis{6-bromo-4-chloro-2-[(f)-(2- chlorophenyOiminomethyllphenolato-ft^^OJcopperCII) 



Crystal data 

[Cu(C 13 H 7 BrCl 2 NO) 2 ] 
M r = 751.55 
Monoclinic, Fl\lc 
Hall symbol: -P 2ybc 
a = 11.064 (3) A 
6 = 9.437 (2) A 
c= 13.277 (4) A 
^= 108.997 (3)° 
F= 1310.8 (6) A 3 
Z=2 

.Data collection 

Rigaku AFC 1 0/Saturn724+ 

diffractometer 
Radiation source: Rotating Anode 
Graphite monochromator 
Detector resolution: 28.5714 pixels mm" 1 
phi and a> scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2008) 



0.242, T m 



■ 0.265 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2cr(^ 2 )] = 0.028 

wR(F*) = 0.065 

S = 1.00 

3491 reflections 

169 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 734 

D x = 1.904 Mgm" 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 4339 reflections 

0 = 2.1-29.1° 

fi = 4.32 mnT 1 

T= 153 K 

Block, green 

0.46 x 0.42 x 0.42 mm 



10994 measured reflections 
3491 independent reflections 
2777 reflections with/> 2a(I) 
i?mt = 0.033 

0max = 29.1°, 0 m i„ = 2.7° 

A = -13-»15 
k = -9-»12 
/ = — 18— »18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 0 2 ) + (0.03 IP) 2 + 0.160P] 

where P = (F 0 2 + 2F 2 )/3 
(A/o) nra = 0.001 
Ay9 max = 0.53 e A" 3 
Ap mm = -0.49 e A" 3 



Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are 
estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the 
estimation of distances, angles and torsion angles 

Refinement. Refinement of F 2 against ALL reflections. The weighted P-factor wR and goodness of fit S are based on F 2 , 
conventional P-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used 
only for calculating P-factors(gt) etc. and is not relevant to the choice of reflections for refinement. P-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



U *IU 



Brl 

Cul 
Cll 
C12 
01 



0.84869 (2) 
0.50000 
0.56447 (5) 
-0.17769 (6) 
0.60785 (15) 



0.57837 (3) 
0.50000 
0.30682 (6) 
0.39010 (9) 
0.52907 (17) 



0.82867 (2) 
0.50000 
1.04373 (4) 
0.25396 (6) 
0.64325 (12) 



0.0231 (1) 
0.0154(1) 
0.0204 (2) 
0.0444 (2) 
0.0175 (5) 
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XT 1 
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C4 


W. J / Do ^Z J 


u.joou yz ) 


O.yZloy (1 /) 


A A 1 TO (H\ 
0.U1 /5 (/) 
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A A1 OA {H\ 

U.U18U (/) 




Co 


o Asia (i\ 

U.45ZO (Z ^ 


A /II AA (y\ 

U.41UU ^ZJ 


0. /34 /I (1 /) 


O.UlOJ (/) 




LI 


A lfi7fi /"7"\ 
WOO /O yz) 


U.4UJJ ^Z J 


A £. A A 1 O /1 0\ 

0.64418 (18) 


A A 1 HH SH\ 

0.0177 (7) 




Co 


A 77/IQ 
U.ZZ4V \Z ) 


A AIA'X tl\ 
U.4J4J yz ) 


U.4 /Ol J (1 /) 


U.U1 / j (O) 




C9 


A 1 707 /7\ 
U.l /Z / (ZJ 


u.jui i yi ) 


A A yl"7AO /1 ON 

0.44708 (18) 


A A^ 1 O /T\ 

0.0218 (7) 




1 A 

CIO 


A A/17/1 /OA 

U.U4/4 ^z; 


A 707/1 /"JA 
U.ZO /4 (J J 


a iom/ /1A\ 

0.38026 (19) 


A C A ZO\ 

0.0254 (8) 




Cll 


—A A77Q ll\ 

u.uzzy ^Z J 


A /1A77 /"JA 
U.4U 1 1 yi) 


0.34322 (19) 


0.0247 (7) 




Clz 


A A771 /7A 
U.UZ / J (ZJ 


A 1 A 
U.341U (J ) 


a Tin /t\ 

0.3717 (2) 


A A'"!^'? ZO\ 

0.0263 (8) 




C13 


A 1 ^77 /'T'* 

U.Ijzz yZ) 


U.JJ4 / yi) 


0.43829 (19) 


0.0219 (7) 




T TO 

H3 


0.75910 


0.44180 


A ao/"/lA 

0.98640 


0.0210* 




nj 


0.39790 


0.31070 


U.ojZDU 


A A77A* 




H7 


0.29510 


0.36170 


0.65570 


0.0210* 




H9 


0.22280 


0.21920 


0.47300 


0.0260* 




H10 


0.01090 


0.19630 


0.36050 


0.0300* 




H12 


-0.02350 


0.62270 


0.34580 


0.0320* 




H13 


0.18810 


0.64610 


0.45800 


0.0260* 




Atomic displacement parameters (A 2 ) 






IP 2 U 33 


U n 


U 13 


IP 3 


Brl 


0.0173 (1) 


0.0301 (2) 0.0214(1) 


-0.0056 (1) 


0.0054(1) 


-0.0027 (1) 


Cul 


0.0132(2) 


0.0197(2) 0.0126(2) 


-0.0016(2) 


0.0033 (1) 


0.0003 (2) 


Cll 


0.0253 (3) 


0.0211 (3) 0.0134 (2) 


-0.0044 (2) 


0.0045 (2) 


0.0031 (2) 


Cl2 


0.0161 (3) 


0.0692 (5) 0.0384 (4) 


-0.0005 (3) 


-0.0041 (3) 


-0.0151 (4) 


01 


0.0160 (8) 
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0.0001 (6) 


Nl 


0.0124 (9) 


0.0185 (10) 0.0163 (9) 


-0.0004 (7) 


0.0041 (7) 


0.0005 (7) 


CI 


0.0163 (10) 


0.0123 (11) 0.0157 (11) 


0.0000 (8) 


0.0051 (9) 


-0.0008 (8) 


C2 


0.0168 (11) 


0.0155 (12) 0.0187 (11) 


-0.0007 (9) 


0.0056 (9) 


-0.0023 (9) 


C3 


0.0176(11) 


0.0172(12) 0.0156(10) 


0.0007 (9) 


0.0015 (9) 


-0.0011 (9) 


C4 


0.0221 (12) 


0.0156(12) 0.0148(10) 


0.0007 (9) 


0.0047 (9) 


0.0013 (9) 


C5 
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0.0179(12) 0.0168(11) 


-0.0023 (9) 


0.0051 (9) 


0.0004 (9) 


C6 


0.0161 (11) 


0.0169(12) 0.0149(11) 


0.0004 (9) 


0.0029 (9) 


0.0001 (8) 


C7 


0.0166(11) 


0.0181(12) 0.0183(11) 


-0.0019 (9) 
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-0.0032 (10) 


Cll 
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-0.0013 (10) 


0.0027 (9) 
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C12 
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Geometric parameters (A, °) 


Brl— C2 


1.888 (2) 


C4— C5 


1.373 (3) 


Cul- 


-01 


1.9076(16) 


C5— C6 


1.410(3) 


Cul- 


-Nl 


2.005 (2) 


C6— C7 


1.439 (3) 
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Cul— Cll 1 
Cul— 01" 
Cul— Nl" 
Cul— Cll '" 
Cll— C4 
C12— Cll 
01— CI 
Nl— C7 
Nl— C8 
CI— C2 
CI— C6 
C2— C3 
C3— C4 



2.9933 (11) 
1.9076(16) 
2.005 (2) 
2.9933 (11) 
1.754 (2) 
1.745 (3) 
1.302 (3) 
1.289 (3) 
1.435 (3) 
1.420 (3) 
1.416(3) 
1.378 (3) 
1.386 (3) 



C8— C9 
C8— C13 
C9— CIO 
CIO— Cll 
Cll— C12 
C12— C13 
C3— H3 
C5— H5 
C7— H7 
C9— H9 
CIO— H10 
C12— H12 
C13— H13 



1.383 (3) 
1.388 (3) 
1.388 (3) 
1.374 (4) 
1.377 (4) 
1.383 (3) 
0.9500 
0.9500 
0.9500 
0.9500 
0.9500 
0.9500 
0.9500 



Ol— Cul— Nl 
Cll 1 — Cul— 01 
01— Cul— 01" 
01— Cul— Nl" 
Cll 111 — Cul— 01 
Cll 1 — Cul— Nl 
01"— Cul— Nl 
Nl— Cul— Nl" 
Cll 111 — Cul— Nl 
Cll 1 — Cul— 01" 
Cll 1 — Cul— Nl" 
Cll 1 — Cul— Cll" 1 
01"— Cul— Nl" 
Cll 111 — Cul— 01" 
Cll 111 — Cul— Nl" 
Cul lv — Cll— C4 
Cul— 01— CI 
Cul— Nl— C7 
Cul— Nl— C8 
C7— Nl— C8 
01— CI— C2 
01— CI— C6 
C2— CI— C6 
Brl— C2— CI 
Brl— C2— C3 
CI— C2— C3 
C2— C3— C4 
Cll— C4— C3 
Cll— C4— C5 
C3— C4— C5 



91.24 (7) 
94.96 (5) 
180.00 
88.76 (7) 
85.04 (5) 
97.49 (6) 
88.76 (7) 
180.00 
82.51 (6) 
85.04 (5) 
82.51 (6) 
180.00 
91.24 (7) 
94.96 (5) 
97.49 (6) 

103.02 (7) 
128.08 (15) 
122.60(16) 
121.93 (14) 
114.56(19) 
120.5 (2) 
123.8(2) 
115.73 (19) 
118.09(16) 
118.95 (17) 

123.0 (2) 

119.1 (2) 
119.02(17) 
119.67(17) 

121.3 (2) 



C4— C5— C6 
CI— C6— C5 
CI— C6— C7 
C5— C6— C7 
Nl— C7— C6 
Nl— C8— C9 
Nl— C8— C13 
C9— C8— C13 
C8— C9— CIO 
C9— CIO— Cll 
C12— Cll— CIO 
C12— Cll— C12 
CIO— Cll— C12 
Cll— C12— C13 
C8— CI 3— C12 
C2— C3— H3 
C4— C3— H3 
C4— C5— H5 
C6— C5— H5 
Nl— C7— H7 
C6— C7— H7 
C8— C9— H9 
CIO— C9— H9 
C9— CIO— H10 
Cll— CIO— H10 
Cll— C12— H12 
C13— C12— H12 
C8— CI 3— HI 3 
C12— C13— H13 



119.5 (2) 

121.4 (2) 
122.24(19) 
116.1 (2) 
126.9 (2) 
120.15 (19) 
119.69(19) 
120.1 (2) 

120.3 (2) 
118.8 (3) 
118.7(2) 

119.5 (2) 
121.7 (2) 

119.4 (2) 
119.7(2) 
120.00 
120.00 
120.00 
120.00 
117.00 
117.00 
120.00 
120.00 
121.00 
121.00 
120.00 
120.00 
120.00 
120.00 



Nl— Cul— 01— CI 
Cll'— Cul— 01— CI 
Nl"— Cul— 01— CI 
Cll 111 — Cul— 01— CI 



22.33 (18) 
119.96(17) 
-157.67 (18) 
-60.04(17) 



C6— CI— C2— C3 
01— CI— C6— C5 
01— CI— C6— C7 
C2— CI— C6— C5 



1.2 (3) 
179.73 (19) 
-5.7 (3) 
-0.7 (3) 
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Cul — Ol — CI — Co 


-12.4 (3) 


xti p o pa pi a 

N 1 — C 8 — C9 — C 1 0 


1 77 1 /1\ 

177.1 (2) 


1 XT1 /^T 

Cul — JN 1 C / — Co 


15.8 (3) 


p i "> po pa p i a 

C 1 3 — C 8 — C y — C 1 U 


-0.2 (3) 


Co — Nl — C7 — Co 


-176.95 (19) 


XT 1 p O P 1 O p 1 -) 

N 1 — C 8 — C 1 3 — C 1 2 


-177.1 (2) 


P 1 XT1 /"i o p< (\ 

Cul — Nl — C8 — C9 


1 ai *7 i r \>\ 

103.7 (2) 


Pf~\ P O P 1 1 P 1 ^ 

C9 — C8 — C13 — C12 


0.2 (4) 


Pni >ji PR pi^ 

U 1 — IN 1 — L O — \- 1 J 


—78 0 (1\ 


pc cq pin pii 




f7 N1 C8 C9 


-65.6 (3) 


CQ r 1 0 C 1 1 CI 2 


176 83 ("18"! 


C7— Nl— C8— C13 


111.7 (2) 


C9— CIO— Cll— C12 


-0.8 (4) 


01— CI— C2— Brl 


0.2 (3) 


C12— Cll— CI 2— C13 


-176.80 (19) 


01— CI— C2— C3 


-179.21 (19) 


CIO— Cll— C12— C13 


0.8 (4) 


C6— CI— C2— Brl 


-179.41 (14) 


Cll— C12— C13— C8 


-0.5 (4) 


Symmetry codes: (i) -x+\,y+\ll, 


-z+3/2; (ii) -x+l, -y+\, -z+1; (iii) x, 


-y+V2, z-1/2; (iv) -x+l,y-\/2, -z+3/2. 
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